Objectives: To contrast the validity of two modes of selfreported height and weight data. Design: Subjects' self-reported height and weight by mailed survey without expectation of subsequent measurement. Subjects were later offered a physical exam, where they self-reported their height and weight again, just prior to measurement. Regression equations to predict actual from self-reported body mass index (BMI) were fitted for both sets of self-reported values. Residual analyses assessed bias resulting from application of each regression equation to the alternative mode of self-report. Analyses were stratified by gender. Setting: Upstate New York. Participants: Subjects (n ¼ 260) with survey, pre-exam and measured BMI. Main outcome measures: Prevalence of obesity based on two modes of self-report and also measured values. Bias resulting from misapplication of correction equations. Results: Accurate prediction of measured BMI was possible for both self-report modes for men (R 2 ¼ 0.89 survey, 0.85 pre-exam) and women (R 2 ¼ 0.92 survey, 0.97 pre-exam). Underreporting of BMI was greater for survey than preexam but only significantly so in women. Obesity prevalence was significantly underestimated by 10.9% (p < 0.001) and 14.9% (p < 0.001) for men and 5.4% (p ¼ 0.007) and 11.2% (p < 0.001) for women, for pre-exam and survey, respectively. Residual analyses showed that significant bias results when a regression model derived from one mode of self-report is used to correct BMI values estimated from the alternative mode. Conclusions: Both modes significantly underestimated obesity prevalence. Underestimation of actual BMI is greater for survey than pre-exam self-report for both genders, indicating that equations adjusting for self-report bias must be matched to the self-report mode.
Introduction
Self-reported height and weight are commonly used in many areas of public heath research to calculate body mass index (BMI). Among the nationally known surveys that employ this method are the Behavioral Risk Factor Surveillance System (BRFSS) 1 and National Health Interview Survey (NHIS). 2 Because of its widespread use in discussions of the obesity epidemic, the validity of self-reported BMI is of great concern to public health researchers and policy-makers. More specifically, the magnitude of the obesity epidemic may be underestimated because of the use of self-reported BMI.
Although 'self-reported BMI' has been used as a general term to include any BMI derived from a subject's self-reported height and weight, there are actually a wide variety of ways in which these data can be obtained. The data may be provided on the phone, as in BRFSS 3 and the Canadian Community Health Survey, 4 by mail 5 or in a face-to-face interview, as in NHIS. 2 The issue of how the self-reported height and weight were obtained may have particular relevance to the application of a correction factor. For example, a correction factor estimated from subjects who self-reported their height and weight in face-to-face interviews with full knowledge that they would subsequently be weighed and measured may not be appropriate to correct heights and weights obtained in a mail-in survey from subjects who did not expect to be measured.
Although the validity of BMI calculated from selfreported height and weight has been given considerable attention in the literature, there has been little systematic study of how the mode of self-report, and expectation of subsequent measurement, may affect validity. In one study comparing BRFSS selfreported and measured values, subjects were invited to participate in measurements only after the BRFSS interview was completed, precluding prior expectation that responses would be validated. 6 In the Canadian Community Health Survey, 4 which utilised computer-assisted telephone interviewing, it is not clearly stated whether the individuals had knowledge that their height and weight would subsequently be measured. This lack of clarification is common in much of the literature comparing self-reported to measured values. 3 Ezzati et al., 3 discuss the importance of the mode of self-report on resulting bias but do not present results for self-reported data gathered by more than one mode on the same individual.
Data are presented here that contrast height and weight self-reported by mailed survey, wherein subjects had no expectation of subsequent measurement, and in face-to-face interview, after which subjects knew that their height and weight would be measured. It was hypothesised that self-report would yield underestimates of BMI in both cases, and that the underestimation would be significantly greater in cases where subjects had no expectation of subsequent validation of reported values.
Methods
The 2009 Upstate Health and Wellness Study comprised five substudies and covered the central New York counties of Otsego, Montgomery, Chenango, Schoharie, Delaware, Herkimer and Madison. These five substudies were Childhood Obesity, Adult Obesity, Access to Healthcare, Ageing and Household Health. Survey participants from the Ageing, Adult Obesity and Household Health studies were asked to self-report their height and weight on the survey without mention of subsequent exam. The analyses that follow relate to subjects from these three studies.
After completion of the five substudies, the researchers entered into a cooperative agreement with the National Kidney Foundation to recruit subjects for height and weight measurements that would be taken at the time of the kidney screenings. There were a total of eight kidney screening events that were geographically dispersed throughout the seven counties, subject to limitations posed by suitable clinic locations. Once the location of each screening was established, subjects who had self-reported their height and weight and who had a zip code within the immediate area were identified. A random sample of these subjects was sent a letter inviting them to attend the screening and receive a gift card for Walmart (worth $20 for individuals, $25 for families). A follow-up phone call was also used for recruitment.
After it was determined that the initial wave of attendees at the screening tended to be older, a more selective recruitment process targeting younger subjects was employed. To reach this younger group, a total of 10 additional limited screening events were held at clinics throughout the study region. These included measurement of weight, height and waist circumference only. Recruitment for this group was directed at respondents who were between the ages of 20 and 35 years. Initial advertisement for these screenings was conducted using email within the Bassett Healthcare Network. Further attempts at recruitment were made using telephone calls.
At these screening events, subjects were asked to self-report their height and weight with the knowledge that these would be subsequently measured during the exam. Following this self-report, each subject was weighed using a calibrated Tanita TBF 350 Pro Body Fat Composition Analyzer. Because this scale used an electronic current to gather percent body fat, participants with pacemakers were weighed using a regular digital scale. Height was measured using a calibrated stadiometer.
Statistical analyses
The design of the Household Health substudy was such that one person reported height and weight for all household members. Therefore, these analyses were limited only to those Household Health respondents who reported on themselves. Respondents to the Ageing and Adult Obesity surveys reported only on their own height and weight. Time between survey receipt and date of screening was recorded.
Subjects were classified as normal weight (18.5-24.99), overweight (25.0-29.99) and obese (!30.0) using both modes of self-report and also measured values. The distribution of measured BMI groups was contrasted with the distributions for both preexam and survey self-report. These distributions were compared using a series of gender-stratified McNemar's tests. The McNemar's tests were performed comparing survey versus measured values, pre-exam versus measured values and survey versus pre-exam values.
For each sex, multiple linear regression equations that included age were fit to estimate the subjects' actual BMI based on each mode of self-report. Analyses were also performed to demonstrate the bias that would result when the equation to predict measured BMI developed from one mode of selfreport was used to correct the data obtained from the other mode. The resulting residuals (observed minus predicted values) were tested for a significant difference from zero, which is the null expectation for the mean of a set of residuals from a least squares regression.
Results
A total of 3820 individuals were invited to participate in the full scale screenings, with 423 (11.1%) participating. Among these 423 participants, 132 (31.2%) were excluded after it was determined that their height and weight on the survey had been reported by someone other than themselves. Subjects missing one or more of the main data points of interest (measured BMI, self-reported survey BMI or selfreported pre-exam BMI) were also excluded (4, 8 and 2 subjects, respectively). An additional 28 subjects were excluded because more than one year had elapsed between receipt of the survey and the date of the screening. Therefore, a total of 260 subjects were included in these analyses: 109 men and 151 women.
The mean age of men was 62.9 years (SD ¼ Results of the McNemar's tests obtained from Table 1 showed that the distribution of BMI group as ascertained by actual measurement differed significantly from the distribution obtained by both preexam (men p < 0.001, women p ¼ 0.007) and survey self-report (men p < 0.001, women p < 0.001). Taken over all four cases (women pre-exam -mail, men preexam -mail), the results showed that in 88.2% of discordant pairs, the self-reported BMI category was lower than the measured category.
For the direct comparison of pre-exam versus survey self-report, approximately two-thirds of discordant pairs were those where the pre-exam BMI category was higher than the survey BMI category. This was true for both men (68.4%, p ¼ 0.11) and women (65.5%, p ¼ 0.09). Table 1 shows the extent of underestimation that results from either of these two self-report modes. For men, the percent of obese individuals was underestimated by 10.9% and 14.9% by pre-exam selfreport and survey self-report, respectively. For women, these same values were 5.4% and 11.2%.
When the survey self-reported values were used in the regression equations developed from the preexam values (Figures 1 and 3) , the means of the residuals were significantly greater than zero for both genders using paired t-tests (men (Figure 1 
For men, the distribution of residuals contained an extreme outlier when the pre-exam self-reported values were used in the regression equation developed from the survey (Figure 2 ). Specifically, a value of þ 15.03 was obtained, which was more than six standard deviations beyond the second highest value. Because of this, the Wilcoxon Signed Ranks Test was used to test the distribution of residuals. Despite this extreme positive outlier, both the mean (À0.191) and the median (À0.386) of these residuals were less than zero (p ¼ 0.004 by Wilcoxon Signed Ranks Test). The distribution of residuals for women did not contain outliers (Figure 4) . The mean value (À0.15) was again less than zero, but this difference did not reach significance by the paired t-test (p ¼ 0.173).
Discussion
These data indicate that the mode of self-report (mailed survey vs. face-to-face interview) must be considered when correcting for self-report bias. Further, the subject's expectation of subsequent verification of his/her self-reported values is also important. Regardless of the mode of self-report, self-reported data on BMI that are not corrected for bias result in substantial underestimation of obesity levels.
The noteworthy strength of this study is that it is the only published report that directly compares two different modes of self-reporting BMI in the same subjects. The principal limitation was the low rate of participation (11.1%) which limits our ability to generalise to the study population. It is possible that those subjects who chose to participate in the kidney screening were more likely to have risk factors for kidney disease, including obesity, which may cause them to self-report height and weight differently from the general population.
Our investigation supports previous studies in finding significant underestimation of BMI via self-report when compared to measured values. 3, 4, [7] [8] [9] Our results also verify previous findings that regression models can be developed to accurately predict BMI based on self-reported values. 3, 4, [8] [9] [10] The expectation that height and weight values selfreported by mailed survey would yield BMI values significantly lower than those reported prior to anticipated measurement of height and weight was only partially borne out. Although the difference between survey and pre-exam self-report did not reach the traditional level of significance at p ¼ .05, a trend towards greater underreporting of BMI in mailed survey self-report was seen in both men and women. These trends were considered to be of practical importance and to merit further investigation, as it must be acknowledged that the limited sample size of the study (151 women and 109 men) and consequently limited statistical power may be responsible for the failure of these results to reach statistical significance.
We propose two possible mechanisms for the trend towards greater underreporting of BMI on survey versus pre-exam self-report. If these two methods yield values that are truly not significantly different, it suggests that self-reported height and weight are simply inaccurate, regardless of the format in which it is obtained. This, therefore, implies that ignorance is the principal driver of loss of validity in these data. If, however, a more appropriately powered study demonstrates that BMI is indeed significantly underreported by survey versus pre-exam, this implies that deception is an important contributor to the loss of validity.
There were significant differences between the means of the residuals calculated by applying each correction formula to the self-reported data for which it was not specifically designed. Inputting survey self-report data into the model designed for pre-exam data generated positive residual values, indicating that the correction from the pre-exam regression was not large enough to accurately adjust the survey self-report data. Conversely, the survey self-report model generated a negative residual when used to correct pre-exam data, indicating that the correction was too large in this case, although not significantly so when applied to women alone.
We conclude that it is essential to correct BMI for self-report bias. When correcting these values, the estimating equations are most effective when they are specific to the mode of self-report. Future studies should explore the extent to which these equations may also benefit from taking other factors into account, such as education, ethnicity and socioeconomic status.
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